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Available online 3 October 2013AbstractThe interaction and compatibility between diaminoazofuraz (DAAzF) and some energetic materials are studied by using pressure differential
scanning calorimetry (DSC) method. The energetic materials include cyclotetramethylenetetranitramine (HMX), cyclotrimethylenetrinitramine
(RDX), nitrocellulose (NC), nitroglycerine (NG), 125/100eNC/NG mixture (NC þ NG), N-nitrodihydroxyethylaminedinitrate (DINA),
aluminum powder (Al), and 3,4-dinitrofurzanfuroxan (DNTF). The results show that there are obvious interactions between DAAzF and DNTF,
DINA, HMX or RDX, while weak interactions between DAAzF and NC, NG, NC þ NG or Al. According to the evaluated standard of
compatibility, the binary systems of DAAzF with NC, NG, NC þ NG and Al are compatible, the binary system of it with RDX is slightly
sensitive, the binary systems of it with HMX and DINA are sensitive, and the binary system of it with DNTF is hazardous.
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Diaminoazofuraz (DAAzF) is a new kind of furazan de-
rivative synthesized by Sheremeteev [1e5] firstly, and has
been considered as a possible ingredient of solid propellants
and high explosives due to its potential as an insensitive
explosive. DAAzF has H50 of 320 cm (hammer weight of
2 kg), the critical diameter of 3 mm, and is insensitive to
friction and static. It has the satisfied energy characteristics,
such as density of 1.735 g/cm3, formation enthalpy of 536 kJ/
kg, explosion velocity of 7420 m/s, and explosion pressure of
26.2 GPa. It has an excellent heat-resistant property similar to
2,20,4,40,6,60-hexanitrostilbene (HNS) [6e10].* Corresponding author.
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http://dx.doi.org/10.1016/j.dt.2013.09.014There are some reports on the thermal behaviors and
application of DAAzF. The thermal decomposition process
of DAAzF was studied by using DSC and TG methods
[6e9]. It can be seen that a competitive process of solid and
molten decomposition exists above the temperature of
310 C, and a sublimation process of DAAzF exists at about
250 C. Li et al. [9] studied the decomposition mechanism
of DAAzF by using DSC method with different heating
rates. It is found that the values of activation energy Ea for
DAAzF decomposition are 336.8 kJ/mol and 329.7 kJ/mol
calculated by Kissenger’s method and Ozawa’s method,
respectively, and the value of lnA is 67.535. The application
studies show that the safety properties of explosive with
DAAzF/TATB (50/50, wt%) are much better than those of
the explosives with HNS/TATB (50/50, wt%) [11] and JOB-
9003 [12], and the matching properties of DAAzF with
HMX, RDX, metal powders, binders and plasticizers need to
be studied.
The interaction and compatibility between DAAzF and
energetic materials in propellants or explosives are the most
important aspects of DAAzF in its practical application.ction and hosting by Elsevier B.V. All rights reserved.
Fig. 1. DSC curves of DAAzF, some energetic materials and their mixtures.
154 J.Z. LI et al. / Defence Technology 9 (2013) 153e156
155J.Z. LI et al. / Defence Technology 9 (2013) 153e156However, the investigations on these aspects have been rarely
reported. The purpose of this work is to investigate the in-
teractions and compatibilities of DAAzF with some energetic
materials by means of pressure DSC [13e15].2. Experimental materials and conditions2.1. MaterialsDAAzF was synthesized by Xi’an modern Chemistry
Research Institute [1], whose purity is more than 99.5%. HMX,
RDX, NC(12.0%N), NG, NC þ NG (125/100), DINA, DNTF
and Al were industrially produced. The mixtures of DAAzF and
energetic components were each prepared with 50% of DAAzF.2.2. Experimental equipment and conditionsAll measurements were made with Netzsch DSC 204 HP
differential scanning calorimeter made by Germany Netzsch
Company.
The measurement conditions of DSC are that the sample
mass is about 2.0 mg; the heating rate is 10 C/min; the atmo-
sphere of static nitrogen is 1.0 MPa. DAAzF, an energetic ma-
terial of 2.00 mg or a mixture of 50/50-DAAzF/energetic
material (1.00 mg/1.00 mg), is sealed in a sealed aluminum cell.3. Results and discussion
Typical DSC curves of the binary systems 1e8 are shown
in Fig. 1. Their maximum exothermic peak temperatures are
shown in Table 1, in which, mixture system is 50/50-DAAzF/
energentic material binary system; single system is a compo-
nent whose exothermic peak temperature is lower than another
one in the binary system; TP1 is the maximum exothermic peak
temperature of single system; TP2 is the maximum exothermic
peak temperature of mixture system; DTP ¼ TP1  TP2. The
evaluated standards of compatibility for explosive and contact
materials [15] are listed in Table 2.
(1) The DSC curve of DAAzF shows the main decomposition
process in the temperature range of 323e328 C with only
one exothermic peak temperature of 327.3 C, whereTable 1
Data of the energetic materials and 50/50-DAAzF/energetic material binary
systems obtained by DSC.
System Rating
Mixture system Single system TP2/
C Tp1/C DTP/C
50/50-DAAzF/HMX HMX 271.5 281.9 10.1
50/50-DAAzF/RDX RDX 235.0 239.6 4.6
50/50-DAAzF/NC NC 207.3 208.5 1.2
50/50-DAAzF/NG NG 206.2 203.1 3.1
50/50-DAAzF/(NC þ NG) (NC þ NG) 207.2 204.2 3.0
50/50-DAAzF/Al DAAzF 326.8 327.3 0.5
50/50-DAAzF/DINA DINA 200.2 208.6 8.4
50/50-DAAzF/DNTF DNTF 254.4 273.6 19.2DAAzF decompose rapidly and the gas products are
formed.
(2) The DSC curve of HMX consists of two endothermic
peaks and one exothermic peak. The first peak at 200.3 C
is due to the crystal transformation from a to d, and the
second endothermic peak at 280.3 C is due to the phase
change from solid to liquid. The exothermic peak at
281.9 C is caused by the rapid decomposition reaction.
Since the crystal transformation peak of HMX is affected
by the decomposition process of DAAzF, it moves to
195.5 C during the heating course of binary system of
DAAzF-HMX, and the phase change vanishes. During the
decomposition of the DAAzF-HMX system, part of HMX
decomposes at 271.5 C, and the mixture of HMX and
DAAzF decomposes rapidly at the shoulder peak tem-
perature of 277.7 C.
(3) The endothermic peaks of RDX and DAAzF-RDX DSC
curves are caused by the phase change of RDX from solid to
liquid. Similarly, the endothermic peaks of DINA, DAAzF-
DINA, DNTF and DAAzF-DNTF are caused by the phase
changes of DINA and DNTF from solid to liquid.
(4) At the beginning of the decomposition of DAAzF-RDX
system, both exothermic decomposition and endothermic
phase changes take place simultaneously in the tempera-
ture range of 200 Ce206 C, and then the dissolved
mixture of RDX and part of DAAzF decomposes rapidly
at the peak temperature of 235.0 C, the remains of RDX
decomposes continuously with a little shoulder peak.
(5) The DSC curves of DINA, DAAzF and DAAzF-DINA
indicate that the decomposition processes of DINA and
DAAzF interact obviously. The decomposition of DINA is
obviously accelerated by the addition of DAAzF with
exothermic peak moving from 208.6 C to 200.2 C.
Large part of DAAzF decomposes with DINA in the
temperature range of 160e230 C, and the remains of
DAAzF decomposes with small exothermic peaks of
259.2 C and 301.1 C.
(6) The DSC curve of DAAzF-DNTF shows that there is an
obvious interaction between DAAzF and DNTF. The
mixture of DAAzF and DNTF decomposes slowly at the
onset temperature (To) of 204.8
C and a wide exothermic
peak appears on the DSC curve of the DAAzF-DNTF
system, while the values T0 of neat DAAzF and DNTF
are 324.3 and 251.3 C, respectively.
(7) The decomposition processes of NG and (NC þ NG) are
delayed by the addition of DAAzF, the maximum
exothermic peak temperature differences (DTp) between
NG or (NC þ NG) and DAAzF-NG or DAAzF-
(NC þ NG) are 3.1 and 3.0 C, respectively. Ac-
cording to the standards of compatibility evaluated in
Table 2, it is concluded that the binary systems DAAzF-
NG and DAAzF-(NC þ NG) have good compatibility.
(8) The DSC curve of binary system DAAzF-NC shows that
there is an acceptable effect on the decomposition process
of DAAzF and NC by mixing of DAAzF and NC, and the
binary systems of DAAzF and Al are the same. The values
of DTp are 1.2
C between NC and DAAzF-NC and 0.5 C
Table 2
Evaluated standards of compatibility for explosives and contact materials [15].
Criteria Rating Note
DTP/
C
2 A Compatible or good compatibility Safe for use in any explosive design.
3e5 B Slightly sensitized or fair compatibility Safe for use in testing, when the device is used in a very short period of time;
not to be used as a binder material, or when long-term storage is desired.
6e15 C Sensitized or poor compatibility Not recommended for use with explosive items.
>15 D Hazardous or bad compatibility Hazardous. Do not use under any conditions.
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compatibility between DAAzF with NC and Al, too.
(9) The value of DTp between RDX and DAAzF-RDX is
4.6 C, which indicates that the decomposition reaction of
the mixture is easily to take place and the mixture has a
fair compatibility.
(10) The values of DTp between HMX and DAAzF-HMX,
and DINA and DAAzF-DINA are 10.1 and 8.4 C,
respectively, showing that the rate of the decomposition
reaction increases and the compatibility of the mixtures
is poor.
(11) The value of DTp between DINA and DAAzF-DNTF is
19.2 C, showing the bad compatibility of the mixture.
(12) The compatibility of the binary systems of DAAzF/en-
ergetic material decreases in the order of
4 > 5>6 > 3>2 > 7>1 > 8.
(13) The relative thermal stability of the binary systems of
DAAzF/energetic material decreases in the order of
6 > 1>8 > 2>3 z 5 z 4 > 7.4. Conclusions
Thermal decomposition study shows that there is a main
decomposition process of DAAzF in the temperature range of
323e328 C with only one exothermic peak temperature of
327.3 C in its DSC curve, before which no endothermic peak
of phase change exists.
The results of interaction studies indicate that the obvious
interactions exist between DAAzF and DNTF, DINA, HMX or
RDX, while the weak interactions exist between DAAzF and
NC, NG, NC þ NG or Al.
According to the evaluated standard of compatibility, it can
be concluded that the DAAzF-NC, DAAzF-NG, DAAzF-
(NC þ NG) and DAAzF-Al binary mixtures have good
compatibility, and the DAAzF-RDX binary mixture has fair
compatibility. However, the DAAzF-HMX and DAAzF-DINA
binary systems have poor compatibility, and the DAAzF-
DNTF binary system has bad compatibility.References
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